Abstract. The main objective of the LHCb experiment -presently under construction at the Large Hadron Collider (LHC) -is the study of b-hadrons. They are identified by their long lifetime with the help of the silicon microstrip vertex locator (VELO) situated closest to the interaction region. It provides precise tracking information which is also employed by the trigger system. In the following the design and present status of the VELO are presented as well as some results of testbeam measurements performed at the end of 2006.
Introduction
The LHCb experiment has been primarily designed to study CP violation and other rare phenomena in the decay of b-hadrons at the LHC at CERN. At a nominal luminosity of 2 · 10 32 cm −2 s −1 and a centre of mass energy of 14 TeV the expected yield of bb pairs is about 10 12 per year. For the majority of the events both associated hadrons are produced in the forward or in the backward direction close to the beam-axis. Therefore LHCb is built as a forward-angle spectrometer with an angular coverage of 15 − 300 mrad. The silicon microstrip detector, or VELO, is located closest to the interaction region [1] . It provides precise tracking coordinates to identify the displacement of secondary from primary vertices which is a distinctive feature of b-decays. The LHCb trigger system uses the data to enrich the b-content of the selected events in the high level trigger. The VELO also allows for a determination of the absolute luminosity [2] .
The VELO consists of two almost identical detector halves of which one is shown in figure 1a . Each half is equipped with 21 modules with an R-and a φ-sensor oriented perpendicular to the beam-axis. In addition each half contains two Pile-Up veto stations to reject events with more than one interaction.
To minimise the amount of material between the interaction point and the silicon sensors the detectors are operated in vacuum. Two so called RF-boxes constructed from 300 µm thick aluminium foils shield the sensors from RF pickup and separate the ultra-high LHC vacuum from the detectors in the secondary vacuum. For covering the full azimuthal acceptance and for alignment issues the RF-boxes are corrugated in a way that allows the sensors of the two detector halves to overlap.
During physics running conditions of the LHC machine the sensors approach the beam as close as 7 mm. Since the required aperture increases during injection the detector halves are retracted by 30 mm at this stage of the LHC operation. This is achieved with a precise motion system capable of positioning the VELO in x-and y-direction with an accuracy of about 10 µm. In this way also the varying beam position from fill to fill can be accounted for. Fast tracking and vertexing algorithms provide an online imaging of the beams to decide on the motion steps and final detector position. 
VELO modules
Each VELO module consists of two microstrip silicon sensors to measure the R-and the φ-coordinate, respectively. Both sensor types have 2048 strips and a semi-circular shape with a radius of 42 mm and a thickness of 300 µm (see figure 1b) . The strips of the R-sensor are oriented concentrically w.r.t. the beam-axis. Their length as well as their pitch (40 − 100 µm) increases with the distance from the beam and they are arranged in four quadrants. The φ-sensor is divided into an inner (outer) region with short (long) strips which have a varying pitch between 35 and 100 µm. To improve the pattern recognition the strips in the two regions have a skew of 10 • and 20 • in opposite directions. Due to the severe radiation environment close to the LHC proton beams n + implants in n-bulk material have been chosen as the sensor technology which makes them inherently radiation tolerant. The particle fluence will be highly non-uniform varying from 5 · 10 12 n eq /cm 2 in the outer region of the sensor to 1.3 · 10 14 n eq /cm 2 in the innermost region for an accumulated luminosity of 2 fb −1 which corresponds to one year of nominal LHC operation. The detector has been designed such that after three to four years the maximal applicable depletion voltage of 500 V is reached after which the sensors will be operated partially depleted. A two-phase CO 2 cooling system keeps the sensors at −7 degrees C to avoid reverse annealing.
Performance
The performance of the VELO modules has been investigated in various testbeam measurements. In November 2006 a partially assembled VELO half has been tested in a 180 GeV pion beam. It comprised 10 modules and a small scale cooling system. Different combinations of 6 modules have been read out simultaneously with the final readout chain. The software for data acquisition, detector control, tracking, vertexing and online monitoring has been in place and tested. More than 50 million events have been collected in various configurations among them data with targets displaced from the beam-axis to investigate the tracking performance of the VELO in a retracted position during injection.
During the testbeam the production R-sensors (φ-sensors) featured a signal to noise ratio of 20−24 (24−29) depending on the sensor region. A precise alignment of the VELO sensors in the testbeam configuration has been performed [3; 4] . It starts from the metrology results obtained for the individual modules as well as the assembled system. The information from fitted tracks and their residuals is then used to optimise the alignment parameters in one step employing the millipede approach [5] . In the testbeam, the running scenarios included parallel tracks passing identical pitch regions in all sensors. This made it possible to derive the individual sensor raw hit resolution as a function of the pitch from the distance of the weighted centre of the clusters to the tracks. As depicted for the R-sensors in figure 2a it shows a linear dependence on the pitch and superseeds the binary resolution. The resolution for the φ-sensors is slightly better. Improvements are expected in the future from cross talk and η corrections. Employing these results the track impact parameter resolution has been determined in a simulation study as a function of the inverse transverse momentum 1/p T (see figure 2b) . A straight line fit gives a performance of δIP = (10.3 + 17.4/p T ) µm where the first term is dominated by cluster resolution and the second by multiple scattering. The 1/p T distribution expected for b-hadron decay products is represented by the solid histogram. The distribution peaks in the region where the cluster resolution dominates, however with a long tail towards low p T , which is also the region where minimum bias tracks are found which can fake large impact parameter tracks in the trigger. This indicates the importance of keeping the amount of material low.
Status
The module production and assembly has finished in March 2007. Subsequently the VELO halves have undergone a careful quality assurance and metrology. Vacuum system, positioning system and cooling system have been installed in the experimental area. The commisioning of the readout and control system is ongoing. The installation of the two detector halves is scheduled for Q4 2007 such that the VELO is on schedule for the first data in 2008.
